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Objective: Many methods of minimally invasive surgical harvesting of the great
saphenous vein have been developed because of the morbidity related to the long
skin incision after traditional (open) great saphenous vein harvesting. One such
method involves the use of multiple small incisions separated by 10- to 15-cm skin
bridges through which the saphenous vein is harvested. We hypothesized that this
method of saphenous vein harvesting might subject the saphenous vein to consid-
erable traction forces, resulting in impaired endothelial cell function.
Methods: Four-millimeter great saphenous vein segments were obtained from
patients undergoing elective coronary artery bypass graft surgery. Group A (mini-
mally invasive surgery) consisted of 23 rings from 20 patients (age, 65.8  11.1
years, mean SD). Group B (open harvesting) consisted of 33 rings from 8 patients
(age, 69.8  8.6 years). All great saphenous vein segments were undistended and
were used within 24 hours of harvesting. Isometric tension experiments were
performed on each ring of the great saphenous vein by using a force-displacement
transducer to measure the force of contraction in grams. Measurements included
developed force after exposure to high-potassium depolarizing solution and 50
mol/L phenylephrine and decrease in force of contraction (relaxation) after expo-
sure to 1 and 10 mol/L acetylcholine.
Results: There were no differences between the minimally invasive surgery and
open harvesting groups in their responses to high-potassium depolarizing solution or
phenylephrine: high-potassium depolarizing solution, contractions of 4.26  0.72 g
(mean  SEM) and 3.95  0.38 g, respectively (P  .70); phenylephrine, contrac-
tions of 3.49  0.63 g and 2.73  0.39 g, respectively (P  .41). There was no net
relaxation in segments from the minimally invasive surgery group after exposure to
1.0 or 10 mol/L acetylcholine. In contrast, rings from the open harvesting group
demonstrated relaxation of 0.41  0.07 g and 0.32  0.09 g after exposure to
1.0 and 10 mol/L acetylcholine, respectively.
Conclusions: In undistended saphenous vein segments isolated from patients un-
dergoing minimally invasive surgical and open techniques of harvesting, there was
no acetylcholine-mediated endothelium-dependent relaxation in the minimally in-
vasive surgery group. Therefore harvesting of the great saphenous vein through
multiple small incisions might result in endothelial dysfunction, possibly caused by
traction injury.
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The saphenous vein (SV) remains one of themost commonly used conduits for coronaryartery bypass graft (CABG) surgery. It hasbeen well established that the traditionalmethod for harvesting the great SV (GSV)through a long incision along the medial
aspect of the lower extremity is associated with substantial
morbidity in terms of wound infection, pain, and bleeding.1
The recent emphasis on minimally invasive surgical (MIS)
techniques has lead to the development of numerous meth-
ods for MIS SV procurement. In addition to the cosmetic
benefits of MIS harvesting of the GSV, several authors have
demonstrated significant reductions in morbidity using en-
doscopic equipment or lighted retractors.1-3
Unfortunately, the equipment necessary for MIS pro-
curement of the GSV is often expensive, with the added
costs of nonreusable parts required for each patient. In
Canada the economic constraints of a publicly funded health
care system have slowed the adoption of MIS harvesting of
the GSV with endoscopes or lighted retractors. In an effort
to reduce the morbidity associated with the traditional
method of GSV harvesting without incurring the increased
costs associated with specialized equipment, one center in
British Columbia (Royal Columbian Hospital) started har-
vesting the GSV through multiple small incisions separated
by skin bridges using only standard unlighted retractors.
Because an endoscope or lighted retractor was not used,
visualization of the GSV under the skin bridges was often
suboptimal; therefore traction was applied to the vein to
expose it through one of the small incisions.
Fabricius and colleagues3 hypothesized that traction
forces applied to the GSV during procurement of the vein
might be detrimental to the structural and functional integ-
rity of the GSV. Furthermore, it is now well established that
impairment of biologic properties, such as endothelial cell
function, stimulates myointimal proliferation,4 thereby af-
fecting short- and long-term graft performance.5,6 In fact,
the most problematic long-term complication of CABG
surgery is the recurrence of coronary atherosclerotic dis-
ease, particularly in SV bypass grafts. The incidence of SV
bypass graft occlusion is believed to be approximately 10%
to 20% at 1 year and 50% at 10 years.7 Recent evidence
from studies using intravascular ultrasonography has dem-
onstrated that significant intimal thickening occurs by 1
year.8
The effects of MIS techniques on the functional integrity
of vein graft segments have been studied for some of the
commercially available lighted retractors and endoscopic
vein-harvesting methods.1-3,9,10 The reported methods did
not involve substantial traction injury and did not result in
impaired vein graft function. The purpose of this study was
to determine whether MIS harvesting of the GSV without
the aid of a lighted retractor or endoscopic equipment
causes impaired endothelial cell function.
Methods
Segments of the GSV were harvested from patients undergoing
elective CABG surgery at St Paul’s Hospital and the Royal Co-
lumbian Hospital, who were sampled from a population of elderly
patients afflicted with isolated coronary artery disease in British
Columbia, Canada. Institutional approval for the use of these
tissues was obtained.
Isolation at Royal Columbian Hospital (MIS Group)
Group A (MIS) consisted of 23 rings from 20 patients (age, 65.8
 11.1 years; mean  SEM). At Royal Columbian Hospital, GSV
harvest was performed by using an MIS technique. Specifically,
multiple small 8- to 10-cm incisions separated by 10- to 15-cm
skin bridges were made in lieu of the single long incision used in
the open harvesting technique. The vein was isolated through the
small incision sites, and an unlighted retractor was used to aid in
the exposure of the GSV underneath the skin bridges. Tributaries
were clipped and divided between clips. Traction was applied to
the vein to gain exposure to some of the tributaries under the skin
bridges (Figure 1).
Isolation at St Paul’s Hospital (Open Harvesting
Group)
Group B (open harvesting) consisted of 33 rings from 8 patients
(age, 69.8  8.6 years). The general procedure for isolating and
preparing the vein for grafting at St Paul’s Hospital can be de-
scribed as the traditional open harvesting technique; that is, the
vein is harvested from a single incision along the medial aspect of
the lower extremity. In this procedure the GSV was isolated from
surrounding connective tissues. The side branches were ligated
with clips or silk ligatures and divided. Once the vein was com-
pletely freed from the areolar tissues, it was divided proximally
and distally and placed in Plasma-Lyte solution.
Figure 1. Operative photo of the MIS technique of SV harvest.
Note that the SV is wrapped around the finger to expose it
through a small incision in the leg. Only a self-retaining retractor
and an unlighted handheld retractor are used for exposure.
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Specimen Transport
An undistended segment of the GSV was sectioned from the distal
or proximal end as soon as the vein had been harvested and before
preparation for grafting. Each specimen was placed in its own
50-mL centrifuge tube containing RPMI cell culture medium
stored in a designated refrigerator located in the operating room
core. The specimen was then transported to the laboratory in a
cooler with ice for use within 24 hours of procurement. Each vial
was carefully labeled with the identity of the specimen and the
time it was placed in the vial. An addressograph label containing
patient information, including age, sex, and hospital identification
number, was also added to the vial for tracking purposes.
Isometric Tension Experiments
Samples of the GSV retrieved from the morning cases were used
the same day. Those from the afternoon cases were stored in the
refrigerator overnight. Excess adventitia and fat were removed
from blood vessels in cold physiologic salt solution (PSS) and cut
into rings 4 mm in length. Only GSV segments devoid of any
obvious lesions were used in this study. Rings were excluded if
control high-potassium depolarizing solution (high-K) contrac-
tions were less than 0.5 g.
Because it is now well established that vein segments studied
after distention have little or no vasoconstrictive capacity and
furthermore exhibit no vasodilatory response to acetylcholine
(ACh),6-8 only undistended segments of vein were used for this
study.
Rings were mounted on pairs of stainless-steel metal hooks and
placed in glass-jacketed tissue baths containing 10 mL of PSS
solution (pH 7.4) warmed to 37°C and oxygenated with 100% O2.
One end was attached permanently to a tissue bath hook, and the
other was connected with sutures to a force-displacement trans-
ducer (FT03E; Grass Instrument Division, Astro-Med, Inc). The
output from force transducers was fed to analog signal ETH-400
amplifiers (CB Sciences). The voltage signals were converted to
digital signals and recorded with both MacLab 8/s and PowerLab
8/s computer-based recorders on a Power Macintosh (7200/90) and
a PC (Pentium 133 MHz, Trison), respectively. Chart recording
software (ADInstruments) was used for data acquisition. Tissues
were equilibrated under zero tension for 90 to 120 minutes, and the
bathing medium was changed every 15 minutes. Passive tension
was applied by stretching the ring 3 times over a 45-minute period
to overcome stress relaxation, such that a final resting tension of 2
to 2.5 g was achieved for the vein segment. Each stretch was
preceded by a 15-minute wash. A resting tension of 2 to 2.5 g was
the minimum stretch shown to produce maximum active tension in
response to contractile stimuli.
Experimental Protocol
Contractile function. Isometric tension experiments were per-
formed on each of the GSV rings. Rings were first challenged with
1 to 3 exposures to high-K. Then the force of contraction was
measured in response to phenylephyrine (PE), a commonly used
contractile stimulus.
Endothelial cell function. Several methods of testing endothe-
lial function have been developed.11 ACh, which stimulates the
release of nitric oxide (NO), is the mediator of choice to test SV
endothelial cell function.2,9 After a precontraction of the GSV ring
with PE, ACh normally stimulates a decrease in tension or vaso-
dilation. In the absence of normal endothelial function, there is no
vasodilation; in fact, one might observe paradoxical vasoconstric-
tion.
In this study endothelial cell function was tested by adding the
vasodilator ACh to the peak of PE-precontracted rings in 2 high
doses (1 and 10 mol/L). It should be noted that responses to ACh
were corrected for the declining plateau phase with PE stimulation
(Figure 2).
All stimuli remained in contact with the tissues for the duration
of the responses.
Data Analysis
Off-line analysis was performed by using the Data Pad window in
Chart. Data were imported into a Microsoft Excel spreadsheet.
Statistical analysis was performed by using JMP software (SAS
Institute, Inc). Responses were expressed as means  SEM. Pa-
tients were assigned to one of the 2 treatment groups (MIS vs open
harvesting), and for each patient, a varying number of rings was
investigated. There are 2 levels of variability: between patients and
between rings within patients. The multilevel mixed effect model
methods were used in the comparison of responses to high-K or
PE between the MIS and open harvesting groups and in the
evaluation of net relaxations in segments for the 2 treatment
groups separately to take the data structure into account.
Figure 2. Sample tracing of contractile response to high-K and
PE and relative relaxation in response to ACh in a GSV ring from
the open harvesting group. The upper panel shows force of
contraction (in grams) over time (in minutes), with the normal
contractile response to high-K indicated by the solid black line
and contractile response to PE indicated by the gray line. The
lower panel shows normal 1 and 10 mol/L ACh-mediated endo-
thelium-dependent relaxations after precontraction with 50
mol/L PE (addition of ACh is indicated by arrows).
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Composition of Solutions
Plasma-Lyte contained the following: sodium chloride (NaCl), 526
mg/1000 mL; sodium gluconate, 502 mg/1000 mL; sodium acetate
trihydrate, 368 mg/1000 mL; potassium chloride (KCl), 37 mg/
1000 mL; magnesium chloride hexahydrate, 30 mg/1000 mL; and
pH adjusted with sodium hydroxide to 7.4.
RPMI 1640 cell culture medium was prepared as per the
instructions provided by the supplier and contained penicillin
(5000 U/L) and streptomycin (5000 g/L).
The ionic composition of the PSS was as follows: NaCl, 140
mmol/L; KCl, 5.9 mmol/L; magnesium chloride hexahydrate, 1.2
mmol/L; calcium chloride dehydrate, 2.5 mmol/L; glucose, 11
mmol/L; and 4-(2-hydroxyethyl)piperazine-1-ethanesulfonic acid,
10 mmol/L.
For the 80 mmol/L potassium (K) PSS (high-K solution), 75
mmol/L NaCl was replaced with an equimolar amount of KCl.
Drug Dissolution Information
PE and ACh were dissolved in distilled water and frozen in 1-mL
aliquots of 0.1, 0.1, and 0.01 mol/L, respectively. Dilutions were
made fresh daily with PSS, and drug additions were always less
than or equal to 50 L. All stock solutions were prepared in
advance and stored at 20°C until use. The vehicles did not affect
responses to PE, ACh, and 80 mmol/L K (data not shown).
Materials
Plasma-Lyte was prepared by Baxter Corp. RPMI 1640 cell culture
medium and penicillin-streptomycin were purchased from Cana-
dian Life Technologies. ACh was purchased from Sigma-Aldrich.
PE was obtained from Research Biochemicals International.
Results
As shown in Figure 3, there was no difference between
groups in the force of contraction elicited in the undistended
GSV in response to high-K solution.
Similarly, there was no difference between groups in the
force of contraction elicited after exposure to 50 mol/L PE
(Figure 3).
There was, however, a marked difference in the response
to ACh between GSV rings from the MIS and open har-
vesting groups (Figure 4). Note that control responses rep-
resented the level of PE-induced force had ACh not been
added to the tissue. In MIS tissues ACh responses at both 1
and 10 mol/L were not significantly different from control
responses (ie, no average change in tension from the decay
in the plateau phase of contraction after stimulation with 50
mol/L PE), indicating an absence of normal endothelial
function. Furthermore, after exposure to 10 mol/L ACh,
there was a tendency for ACh-mediated contractions to be
present, although this was not statistically significant (P 
.43). In contrast, ACh relaxed PE-precontracted rings in
undistended GSVs from the open harvesting group (P 
.0007 and P  .004 for 1 and 10 mol/L ACh, respec-
tively), demonstrating preservation of endothelial function
in GSVs harvested with the open technique.
Discussion
The pivotal finding of this study is that MIS harvesting of
the GSV without the aid of a lighted retractor or endoscopic
equipment is associated with impaired endothelium-depen-
dent relaxation compared with that seen in segments iso-
lated by using the conventional open harvesting technique.
There was no difference in contractile function between
these 2 groups of segments.
In our study we assessed biologic properties of the har-
vested veins by exposure to (1) a nonspecific vasoconstric-
tor, high-K; (2) a specific vasoconstrictor, the 1-adrener-
gic agonist PE; and (3) a specific endothelium-dependent
vasodilator, ACh. A functional method was used to evaluate
and compare the viability and quality of the GSV used in
CABG operations harvested by means of the MIS and open
techniques because the presence of an intact wall, as ob-
tained by means of morphologic studies, does not necessar-
ily imply normal function of the tissue.
In discussing MIS harvesting of the GSV, it is important
to first recognize that there are many methods claiming to be
minimally invasive. Those methods that should be consid-
ered minimally invasive include harvesting through multi-
ple small incisions with the aid of a Mayo stripper,2 com-
Figure 3. Responses to high-K and PE. Note that there was a
similar force of contraction in response to high-K in GSV seg-
ments from both the MIS (4.26  0.72 g, shaded bar) and open
(3.95  0.38 g, open bar) harvesting groups (P  .70). Similarly,
the force of contraction after exposure to PE was similar in GSV
segments from both the MIS (3.49  0.63 g, shaded bar) and open
(2.73  0.39 g, open bar) harvesting groups (P  .41).
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pletely endoscopic SV harvesting,9,10 and harvesting of the
vein with the aid of various lighted retractors.1,9 These 3
methods are important in that they have been proved to
preserve the endothelium on the basis of formal in vitro
testing of relaxation in response to ACh. Furthermore, his-
tologic, electron microscopic, and immunologic testing has
been carried out on vein segments harvested by using these
methods, demonstrating that the endothelium is physically
intact.2,3,10 These methods differ from the method described
in this article in that they did not involve the application of
high traction forces on the vein during harvesting.
The MIS technique of GSV harvesting described in this
article was developed primarily as a means of reducing the
morbidity associated with the long continuous incision used
in the traditional open technique of GSV harvesting without
incurring the increased costs of endoscopic equipment or
lighted retractors with nonreusable parts. To our knowledge,
traction injury has not been previously identified as a cause
of endothelial cell trauma or damage in the GSV. The
results of this study suggest that the traction forces applied
to the GSV during MIS harvesting of the GSV without the
aid of a lighted retractor, endoscopic equipment, or Mayo
stripper causes endothelial cell dysfunction.
In the last few years, the importance of the endothelium
in the regulation of vascular tone and prevention of athero-
sclerosis has become apparent.12,13 As a result, endothelial
cell damage has been recognized as a key factor in the
development of intimal thickening and atherosclerosis. The
normal function of a healthy endothelium serves to prevent
vasoconstriction and the development of thrombus. It is
now understood that the endothelium is the primary site of
the production of NO, a potent vasodilator. Other products
of the endothelium include prostacyclin and bradykinin.
The combined action of these endothelial cell–derived
products is vasodilation, inhibition of platelet aggregation,
and prevention of smooth muscle cell proliferation and
migration.12,13
The endothelium is also a site of production of angio-
tensin II, endothelin I, and thromboxane A2, all of which
cause vasoconstriction, platelet aggregation, and thrombus
formation, as well as smooth muscle cell proliferation and
migration. When the endothelium is traumatized or dys-
functional, the production of NO is impaired, and the rela-
tive production of angiotensin II, endothelin I, and throm-
boxane A2 is increased, resulting in intimal thickening and,
ultimately, atherosclerosis.12,14 This result is especially true
of the arterial circulation and has also been shown to be
important in the pathophysiology of SV graft failure.7,14
SV occlusion continues to affect up to 50% of patients 10
years after CABG surgery. There are multiple mechanisms
underlying SV graft failure.7,15,16 These include diseases
affecting the GSV, such as phlebitis and varicosity, which
might affect the quality of the GSV before use during
CABG surgery. Exposure of the SV endothelium to the
shear stress of arterial flow and pressure is thought to result
in endothelial cell damage.16 Finally, trauma to the vein
during harvesting caused by vein handling has also been
shown to result in endothelial trauma and dysfunction.14,17
The relationship between endothelial cell function and
long-term patency of SV grafts is not clearly established;
however, recent studies suggest that preservation of endo-
thelial cell function is important for long-term patency. In
one study of GSV harvesting with the aid of a Mayo
stripper, GSV segments demonstrated preserved endothelial
cell function, and 92% of vein grafts were patent 1 year after
CABG surgery, as determined by means of magnetic reso-
nance angiography.2 Another group studied GSV segments
harvested with a surrounding pedicle.18,19 These segments
had greater endothelial cell preservation tested by means of
CD31 immunostaining compared with that seen in the seg-
ments harvested by means of the traditional open method
without a pedicle.19 On angiographic follow-up at 18
Figure 4. Response to ACh after precontraction with PE. Re-
sponses to both 1 and 10 mol/L ACh in GSV segments from the
MIS (shaded bars) and open (open bars) harvesting groups com-
pared with control (ie, the level of PE-induced force of contrac-
tion with exposure to ACh) are shown. There was no significant
net relaxation after exposure to 1 mol/L ACh in GSV segments
from the MIS group (0.08  0.19 g, P  .66), with a net
contraction on average after exposure to 10 mol/L ACh, although
this was not statistically significant (0.26  0.32 g, P  .43). In
contrast, there were highly significant mean net relaxations of
0.41 0.07 g after exposure to 1 mol/L ACh and0.32 0.09 g
after exposure to 10 mol/L ACh in GSV segments from the open
harvesting group (*P  .0007 and **P  .004, respectively).
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months, 95.4% of vein grafts harvested with a pedicle were
patent. This patency rate was comparable with that of left
internal thoracic artery grafts (93.3%).18
The results of this study must be interpreted with caution.
GSV segments normally undergo high-pressure distention
after harvesting. However, undistended GSV segments were
used in this study because it has been well established that
distended vein has markedly reduced vasodilatory capacity
because of endothelial disruption.15,17 As a result, the clin-
ical implications of using GSV segments from either an
open harvesting technique or an MIS technique are un-
known when the vein is exposed to high-pressure distention
after harvesting. Extrapolations from this study to the in
vivo situation must be made with caution. There is only one
study using MIS harvesting techniques that included clinical
follow-up of vein graft patency after CABG surgery.2 An-
other strategy to preserve endothelial function involves the
administration of vasodilator substances to the vein before
removal of the vein from the leg to mitigate the vasospasm
that occurs during harvesting. For example, the subcutane-
ous injection of papaverine before incision of the skin has
been shown to preserve endothelial function in vein seg-
ments.20 Papaverine and other vasodilators, such as glyceryl
trinitrate and verapamil, might be useful pharmacologic
agents that could reduce the need for high-pressure disten-
tion of the vein after harvesting.6,20 More studies evaluating
clinical outcomes are necessary to further evaluate the im-
portance of preservation of endothelial function during MIS
harvesting of the SV.
Conclusion
Normal endothelial cell function of GSV grafts used in
CABG surgery is an important determinant of patency up to
18 months postoperatively. Several methods of MIS har-
vesting of the GSV have demonstrated preservation of en-
dothelial cell function with the use of lighted retractors, the
Mayo stripper, and endoscopic equipment. In contrast, MIS
harvesting of the GSV through multiple small incisions
without the use of specialized equipment requires the ap-
plication of substantial traction forces on the GSV during
harvesting. Testing of GSV segments from vein harvested
by using this MIS technique demonstrated abnormal endo-
thelial cell function, as detected by the response to ACh
after precontraction with PE. Therefore traction injury dur-
ing MIS harvesting of the GSV is associated with endothe-
lial dysfunction. Clinical trials are necessary to determine
whether the method of GSV harvesting has an effect on
long-term patency rates of SV grafts used in CABG surgery.
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